
Driving and probing surfaces with light
Backus, E.

Citation
Backus, E. (2005, October 5). Driving and probing surfaces with light. Retrieved from
https://hdl.handle.net/1887/4281
 
Version: Corrected Publisher’s Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/4281
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4281


Driving and probing surfaces with light





Driving and probing surfaces with light

PROEFSCHRIFT

ter verkrijging van

de graad van Doctor aan de Universiteit Leiden,

op gezag van de Rector Magnificus Dr. D.D. Breimer,

hoogleraar in de faculteit der W iskunde en

Natuurwetenschappen en die der Geneeskunde,

volgens besluit van het College voor Promoties

te verdedigen op woensdag 5 oktober 2005

klokke 15.15 uur

door

Eleonora Hendrika Gertruda Backus

geboren te Beverwijk

in 1978



Promotiecommissie

Promotores: Prof. Dr. M. Bonn

Prof. Dr. A.W. Kleyn

Referent: Prof. Dr. L. Kuipers

Overige leden: Prof. Dr. J.W. Frenken

Prof. Dr. M.C. van Hemert

Prof. Dr. J. Brouwer

Dr. E.R. Eliel

Prof. Dr. C.A. de Lange

Prof. Dr. K. Al-Shamery



V

Contents

1 Introduction 1

1.1 The surface morphology of solid water 2

1.2 Surface site-dependent chemical activity 3

1.3 Ultrahigh vacuum techniques 5

1.4 Laser spectroscopy 5

1.5 Outline 6

2 Experimental methods and equipment 7

2.1 Desorption spectroscopy 8

2.1.1 Temperature programmed desorption 8

2.1.2 Laser-induced desorption 8

2.2 Vibrational spectroscopy 12

2.2.1 Reflection absorption infrared spectroscopy 13

2.2.2 Sum-frequency generation 14

2.3 Vacuum equipment 16

2.3.1 Ultrahigh vacuum machine 16

2.3.2 Molecular beam line 17

2.4 Laser equipment 18

2.4.1 Laser system 18

2.5 Equipment for surface science techniques 19

2.5.1 Temperature programmed desorption 19

2.5.2 Reflection absorption infrared spectroscopy 19

2.5.3 Laser-induced desorption 20

2.5.4 Pump-probe sum-frequency generation 22

3 Surface crystallization of amorphous solid water 25

3.1 Introduction 26

3.2 Experiment 28

3.3 Results and discussion 29

3.4 Conclusions 33



VI

4 Theory of bulk, surface, and interface phase transition kinetics in thin films 35

4.1 Introduction 36

4.2 Derivation of expressions for time-dependent bulk, surface, and interface

fractions for three different nucleation sites 38

4.2.1 General approach 38

4.2.2 Calculation of bulk, surface, and interface fractions for nucleation

in the bulk 38

4.2.3 Calculation of bulk, surface, and interface fractions for nucleation

at the sample-support interface 49

4.2.4 Calculation of bulk, surface, and interface fractions for nucleation

at the sample-vacuum surface 51

4.3 Results and discussion 53

4.4 Conclusions 56

5 Geometrical vs. statistical models for describing phase transition kinetics

in thin films 57

5.1 Introduction 58

5.2 Approach 59

5.2.1 Statistical growth 59

5.2.2 Geometric growth 62

5.3 Results and discussion 63

5.3.1 Fixed nucleation site 63

5.3.2 Random nucleation 68

5.4 Conclusions 71

6 Adsorption and desorption of NO on stepped Pt(533) 73

6.1 Introduction 74

6.2 Experiment and computation 75

6.3 Results and discussion 76

6.3.1 NO adsorption and desorption 76

6.3.2 N2 formation 84

6.4 Conclusions 89

7 Surface femtochemistry on steps: laser-induced desorption of NO from Pt(533) 91

7.1 Introduction 92

7.2 Experiment 95

7.3 Results 95

7.4 Friction model 100

7.5 Discussion 101

7.6 Conclusions 102



VII

8 Surface femtochemistry on steps: vibrational dynamics and ultrafast

desorption of CO/Pt(533) 103

8.1 Introduction 104

8.2 Experiment 105

8.3 Experimental results 106

8.4 Modeling 109

8.4.1 SFG data 109

8.4.2 Desorption data 112

8.5 Discussion 113

8.6 Conclusions 113

Appendix A: Details of modeling SFG spectra 115

A1 Calculation of the time-dependent frequency and linewidth 115

A2 Calculation of SFG spectra 116

9 A quantitative comparison between reflection absorption infrared and

sum-frequency generation spectroscopy 119

9.1 Introduction 120

9.2 Experiment 120

9.3 Experimental results 121

9.4 Theory 123

9.5 Theoretical results 124

9.6 Discussion 127

9.7 Conclusions 128

10 Real-time observation of molecular motion on a metal surface 129

10.1 Introduction 130

10.2 Experiment and computation 131

10.3 Results and discussion 132

10.4 Conclusions 138

Bibliography 139

Summary and outlook 147

Summary 147

Outlook 150

Samenvatting 151

List of publications 157

Curriculum vitae 161

Nawoord 163



VIII


